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PREFACE 


This  memorandum  report  was  prepared  under  Task  Order 
T-4-237  for  the  Defense  Nuclear  Agency  during  FY  1984  (see 
Appendix  A).  The  effort  applies  to  the  (hypothetical)  "Nuclear 
Winter"  concept,  and  addresses  the  issues  of  atmospheric  soot 
injection,  emphasizing  what  one  can  learn  from  real  atmospheric 
observations.  Because  of  the  short  duration  of  this  effort  in 
a  rapidly  moving  field,  this  document  is  presented  as  a  progress 
report  rather  than  as  a  definitive  document. 


ABSTRACT 


The  "Nuclear  Winter"  scenario  predicts  a  major  worldwide 
cooling  arising  from  the  large  quantities  of  soot  deposited  in 
the  atmosphere  from  fires  ignited  by  the  explosions  in  a  large 
nuclear  exchange.  This  document  reviews  the  source  function 
for  smoke  associated  with  urban  and  forest  fires,  addressing 
the  smoke  composition  and  predicted  smoke  cloud  rise  height. 
The  interaction  of  the  smoke  cloud  with  the  atmosphere  is 
complex  and  depends  on  weather  conditions.  Results  from  past 
forest  fires  demonstrate  what  can  actually  happen  to  smoke 
clouds . 
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INTRODUCTION  AND  SUMMARY 


The  report,  presented  in  part  as  an  annotated  briefing, 
was  prepared  under  Task  Order  T-4-237  for  the  Defense  Nuclear 
Agency  during  FY  1984  (Appendix  A).  The  effort  applies  to  the 
"Nuclear  Winter"  concept.  That  is,  a  large-scale  nuclear 
exchange  is  predicted  to  start  many  extensive  fires,  both  in 
cities  and  forests,  which  will  generate  large  amounts  of  sooty 
smoke  that  will  rise  to  high  altitudes  and  stay  in  the  atmos¬ 
phere  for  long  periods.  Since  the  optical  properties  of  soot 
are  such  that  it  absorbs  visible  radiation  but  transmits  the 
earth's  thermal  (infrared)  radiation,  there  is  considerable 
concern  that  the  effect  of  soot  injection  would  be  major  world¬ 
wide  surface  cooling. 

Figure  S-l  shows  the  concept.  As  a  result  of  molecular 
gases  (mainly  H2O  and  CO2)  which  transmit  solar  (visible) 
radiation  but  absorb  earth  (infrared)  radiation,  the  tempera¬ 
ture  of  the  atmosphere  decreases  with  altitude,  so  that  the 
effective  radiation  temperature  of  the  earth  as  a  whole,  Tra(j 
~  250  K  (-23°C  or  -9°F),  is  significantly  less  than  the  sur¬ 
face  temperature.  The  hypothesized  injection  of  soot  and  dust 
which  absorb  or  reflect  sunlight  while  transmitting  earthshine 
has  been  predicted  by  Turco  et  al.  (1983)  to  produce  an  iso¬ 
thermal  temperature  profile  in  the  troposphere  (i.e.,  no  change 
in  temperature  with  altitude)  so  that  the  earth's  surface  tem¬ 
perature  would  fall  to  Tracj  to  maintain  the  overall  energy 
balance . 

No  one  has  yet  demonstrated  that  this  "Nuclear  Winter" 
scenario  is  physically  impossible,  and  thus  it  is  appropriate 
to  investigate  the  problem. 


FIGURE  S-l.  The  Nuclear  Winter  Concept. 


In  considering  the  problem,  one  must  ask  the  following 
questions : 

•  How  much  smoke  will  be  generated  by  a  large-scale 
nuclear  engagement? 

•  How  long  will  this  smoke  remain  in  the  atmosphere? 

It  must  be  recognized  that  because  of  the  inherent  variability 
of  environmental  (atmospheric  and  hydrologic)  conditions,  no 
unique  answer  can  be  expected  for  either  of  these  questions 
even  for  a  uniquely  specified  scenario  for  the  nuclear  engage¬ 
ment  . 

This  document  summarizes  what  we  know  and  the  major  defi¬ 
ciencies  in  understanding  about  the  generation,  spreading,  and 
removal  of  smoke  resulting  from  large-scale  urban  and  forest 
fires . 

The  topics  addressed  in  Chapters  1  through  5  are  the  fol¬ 
lowing  : 

1 .  Fuel  loading  (the  mass  of  wood  or  other  fuel  per  unit 
area  contained  in  cities  and  in  forests).  It  was 
concluded  that  forest  fires  can  provide  a  partial 
simulation  of  large-scale  urban  fires. 

2 .  Fire  emission  (the  amount  and  composition  of  smoke  per 
unit  mass  of  fuel,  with  particular  emphasis  on  the 
mass  of  soot  per  unit  mass  of  fuel).  A  survey  of  fire 
emissions  points  out  that  soot  is  only  a  small  frac¬ 
tion  of  the  smoke  produced  by  fires. 

3.  Fire  model  (the  rate  of  energy  release  and  smoke  gen¬ 
eration  as  a  function  of  time,  which  gives  a  measure 
of  the  maximum  injection  altitude  of  the  smoke). 

4 .  The  interaction  of  smoke  plumes  with  the  ambient  atmos¬ 
phere.  How  one  gets  from  individual  plumes  to  a  hemi¬ 
spherical  or  global  average  presents  a  very  complex 
problem.  The  plume  expansion  is  a  dynamic  rather  than 
a  static  problem,  as  can  be  seen  by  studying  forest 
fires.  The  September  1950  Canadian  forest  fires  which 
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gave  rise  to  the  "Blue  Sun/Blue  Moon"  phenomenon — show 
that  as  the  smoke  plume  moved  in  a  generally  easterly 
direction  on  the  winds  it  spread  horizontally,  rose, 
fell,  rose  again  to  near  the  tropopause  over  Europe, 
and  then,  after  8  to  10  days,  was  observed  no  more. 
Accordingly,  in  discussion  with  DNA's  Project  Officer, 
Dr.  Leon  A.  Wittwer,  it  was  decided  to  devote  the 
remaining  effort  to  forest  fires,  and  thus  the  final 
topic  is: 

5  .  What  can  be  learned  from  forest  fires?  Chapter  5 

reviews  what  can  be  learned  from  forest  fires,  such  as 
the  large  fires  that  occurred  in  Western  Canada  in 
September  1950  which  produced  observable  effects  as 
far  as  the  eastern  U.S.  and  Western  Europe.  We  have 
also  included  information  on  more  recent  fires  in  the 
Yukon,  Borneo,  and  elsewhere. 

Finally,  Chapters  6  and  7  enlarge  on  the  conclusions  and 
recommendations  that  have  been  sketched  here.  It  must  be 
stressed  that  this  document  represents  a  progress  and  status 
report  rather  than  a  definitive  treatment  of  the  Nuclear  Winter 
problem. 


FUEL  LOADING 
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FUEL  LOADING  DATA 


* 


* 


•  FOREST  (Total  Biomass) 

-  10  to  100  kg/m2  =  2.05  to  20.5  lb/ft2  =  100  to  1000 

tonnes/ha 

4.45  kcal/g  =  1.86  x  107  J/kg  =  8000  BTU/lb 

•  CITIES 

Suburban 

Two-story  buildings,  each  floor  125  kg/m2  (100  kg/m2 
structure  +  25  kg/m2  furnishings),  15%  density, 

37.5  kg/m2  overall 
Old  City 

Vfood,  high  building  density  (40%),  200  kg/m2 
New  City 

Ferro-concrete  high-rise,  10%  building  density,  wood 
and  plastic,  40  kg/m2  equivalent. 
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In  terms  of  fuel  loading,  a  forest  fire  is  a  toler¬ 
able  partial  simulation  of  a  modern  urban  fire. 

However,  one  must  ask  for  fire  loading,  i.e.,  that  frac¬ 
tion  of  the  fuel  loading  which  actually  burns.  In  a  typical 
forest  fire  most  of  what  burns  is  duff,  dead/down  timber,  and 
branches,  bark,  and  leaves,  leaving  the  commercial  timber 
largely  unburned.  A  major  issue  is  the  flammability,  which 
varies  widely  from  day  to  day,  depending  on  how  wet  the  ground 
and  trees  are.*  F.  Albini  makes  the  following  comments: 


"1.  Flammability  of  wildland  fuels  on  a  hemispheric 
average  basis  will  fluctuate  widely  with  season. 

In  addition,  climatic  zone  variability  is  great 
over  the  North  American  Land  mass — not  quite  so 
great  over  the  eastern  Soviet  Union.  But  to  make 
even  an  order-of-magni tude  estimate,  I  would 
recommend  using  a  'typical  day  in  the  month  of  X' 
and  averaging  over  X,  rather  than  using  monthly 
averages.  This  because  on  the  typical  day  it 
will  be  raining — or  recovering  from  rain — over  a 
substantial  fraction  of  any  area  even  during  that 
area's  normal  fire  season. 

"2.  The  above  procedure  would  still  presumably  apply 

a  year  or  so  after  Armageddon.  But  wildland  fuels 
over  much  of  the  Northern  Hemisphere  would  be  dead 
or  dying  from  exposure  to  lingering  radiation. 

Even  the  normally  fire-free  north  central  and 
northeastern  US  would  become  highly  flammable  in 
such  a  state.  And  the  great  expanse  of  forested 
Siberian  USSR  could  probably  be  burned  with  a 
handful  of  matches  in  a  few  days.  Thus  I  suggest 
that  the  level  and  distribution  of  plant  mortal¬ 
ity — especially  conifer  forests — may  be  a  key 
question  to  be  addressed. 

"3.  For  more  details,  see  Chandler  (1984)." 


Conventional  firespread  models  (e.g.,  that  of  IITRI)  postu¬ 
late  ignition  at  a  thermal  load  of  the  order  of  10  cal/cm2. 
Since  the  latent  heat  of  evaporation  of  water  or  ice  is  in 
the  range  of  600  to  700  cal/g ,  10  cal/cm2  would  evaporate 
0.1  to  0.15  mm  of  water,  or  perhaps  ten  times  as  thick  a 
layer  of  snow.  Thus  the  presence  of  a  relatively  small 
amount  of  moisture  will  inhibit  fire  ignition  in  a  forest. 


In  an  urban  fire,  a  large  fraction  of  the  combustible 
material  may  burn.  Urban  models  typically  postulate  that 
ignition  occurs  inside  a  room  by  radiant  energy  transmitted 
through  windows,  so  that  ambient  moisture  would  presumably 
not  be  important  here. 

Firestorms  (such  as  occurred  in  Hamburg  and  probably  also 
Dresden,  Darmstadt,  Heilbronn,  and  Hiroshima  in  World  War  II) 
appear  to  require  three  distinct  sets  of  conditions  to  be 
satisfied  : 

1.  A  sufficiently  large  fuel  loading — an  older  city  with 
high  building  density  and  large  amounts  of  wood,  or 
possibly  an  inner  city  with  high-rise  buildings  and 
flammable  contents.  (A  modern  spread-out  suburban 
city  probably  cannot  support  a  firestorm.) 

2.  A  sufficiently  large  total  area,  >  1  km2,  which  is 
ignited  simultaneously  rather  than  sequentially. 

3.  Appropriate  meteorological  conditions  which  may 
depend  on  the  particular  location.  Thus  Ebert  (1963), 
who  has  analyzed  the  meteorological  conditions  of  the 
Hamburg  firestorm,  concludes  that  the  actual  weather 
was  quite  unusual,  with  a  daily  high  temperature  some 
5  to  8°C  above  the  normal  maximum  for  the  month  (July) 

I'll  say  very  little  about  firestorms,  but  see  Carrier  et  al., 
1982. 
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MORE  FUEL  LOADING  DATA 
(All  in  lb/ft2) 


Pacific  Sierra  Research 
(Larson  and  Small,  1982) 

w 

M 

E 

Central  city  (main  business  dis¬ 
trict  with  high-rise  office  and 
apartment  buildings) . 

48.0 

84.0 

128.0 

Inner  belt  (residential/industrial 
belt  of  intermediate  height) . 

13.5 

21.6 

37.8 

Outer  belt  (low,  primarily  resi¬ 
dential)  . 

3.6 

6.4 

10.0 

W  -  lightly  built  up,  represents  a  new,  sprawling  city 
(in  U.S.) 

E  -  heavily  built  up,  represents  old,  congested  city  (in 
(U.S.) 

M  -  Intermediate  building  density 

Illinois  Institute  of  Technology 
Research  Institute  (IITRI) 

(Longinow  et  al.,  1982) 

"Suburban  city"  7.5 

Forest  (Total  Biomass) 

200  to  1000  tonne/ha  ■  4.1  to  20.5  lb/ft2 


HYDROCARBONS: 


Soot  (submicron  particles  of  graphitic  material  with  a  C/H 
ratio  of  1/1  or  so)  represents  perhaps  5  to  30  percent  of  smoke. 
Appendix  B  gives  a  model  for  soot  particles.  Note  that  actual 
soot  particles  are  not  spherical,  but  rather  long  strands.  See 
Prospero  et  al.  (1983)  for  a  current  review  of  atmospheric 
aerosols . 

Smoke  also  includes  a  variety  of  molecules  (such  as  hydro¬ 
carbons  from  methane  and  acetylene,  also  many  ring  compounds, 
aldehydes,  etc.)  and  particles,  many  of  which  absorb  selectively 
in  the  infrared,  so  that  they  could  produce  obscuration  and 
"greenhouse  effect."  See,  e.g.,  Weast  (1981),  p.  F-205F,  and 
Appendix  C. 

The  various  hydrocarbons  and  oxides  of  nitrogen  interacting 
with  sunlight  produce  ozone  and  other  oxidants,  typically  in 
the  5  to  10  km  altitude  range,  giving  rise  to  atmospheric  smog. 

An  urban  fire  produces  smoke  like  that  of  a  wood  fire  but 
also  contains  the  decomposition  products  of  various  plastics. 


FOREST  FIRE  EMISSIONS 


Product 


Emission, 
q/kq  fuel 


Comments 


CO  2 


1000  to  1750  1460  for  100  percent  combustion 

of  "C6H9O4";  actual  efficiency, 
60  to  80  percent. 


H2O 


250  to  750  For  30  percent  fuel  moisture, 

300  g  from  combustion  of 
"C6H904." 


CO 


20  to  100 


NO. 


0.5  to  10 


2  -  EPA  standards  for  landscape 
refuse. 


4  -  Bauer  (1982) 


HC 


5  to  50 


50  percent  is  CH4,  C2H4;  C2H2. 


VOC  "Hundreds  of  volatile  organic  compounds" 


Particulates 
from  flaming 

combustion  10  to  30  40  to  50  percent*  organic  carbon, 

20  to  30  percent  graphitic  carbon 


Particulates 
from  smoldering 

combustion  to  100  60  percent  organic  carbon,  1  to 

2  percent  graphitic  carbon 


•Percent  refers  to  total  mass  on  the  filter — a  typical  smoke  is 
50  to  60  percent  C,  2  percent  H,  and  the  balance  is  O. 

(See  Patterson  and  McMahon,  1984.) 

References:  Chi  et  al.  (1979),  de  Ris  and  Markstein  (1984), 
McMahon  (1983),  Patterson  and  McMahon  (1984), 
and  Bauer  (1982). 
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Winchester,  Virginia  Tire  Fire, 
December  1983 


A  small  mountain  of  perhaps  9  million  used  tires,  occu¬ 
pying  4-1/2  acres,  some  5  miles  west  of  Winchester,  Virginia, 
just  south  of  U.S.  Highway  50,  caught  fire  in  November  1983. 
Probably  the  fire  was  deliberately  set.  This  large  fire 
presumably  went  on  burning  for  a  month  or  two.  By  3  December, 
it  had  produced  some  700,000  gallons  of  runoff,  som-?  of  which 
was  fairly  good  quality  oil.  The  EPA  helped  control  the  fire, 
which  was  not  easy  to  put  out. 

The  fire  reportedly  sent  up  a  dark  plume,  visible  in  three 
states,  but  on  3  December,  under  foggy  conditions,  I  (Ernest 
Bauer)  saw  only  smoldering  white  smoke;  the  forest  was  covered 
with  a  grey/white  deposit.  (Reference;  Washington  Post,  3 
December  1983,  "River  Protected  from  Oil  Oozing  Out  of  Burning 
Mound  of  Tires"  (see  Appendix  D) . 


IMC  (MINUTES) 
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romatogram  of  organic  vapors  in  loblolly  pine  smoke.  Each  peak  represents  a 
separate  compound. 
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The  hypothesized  fires  from  a  large-scale  nuclear  engage¬ 
ment  will  inject  large  quantities  of  soot,  hydrocarbons,  and 
other  organic  molecules  and  oxides  of  nitrogen  (N0X)  into  the 
troposphere  while  the  nuclear  fireballs  will  inject  N0X  and 
dust  into  the  stratosphere.  An  estimate  of  possible  injections 
is  given  in  Appendix  C,  Table  C.l.  In  the  presence  of  sun¬ 
light,  hydrocarbon^  and  N0X  generate  ozone  in  the  troposphere, 
while  N0X  destroys  ozone  in  the  stratosphere.  The  total  effect 
is  complex  and  nonlinear,  but  may  be  significant. 

The  various  IR-absorbing  molecular  gases  will  give  rise  to 
a  greenhouse  warming  of  probably  less  than  1°C  (see  Appendix  C) 


COMBUSTION  PRODUCTS  ANU  ENTRAINED  AIR  PER  kg  FUEL  (WOOD) 


BURNING  OF  "DETROIT 


(oas/qi  OOO 'SZ  sqxun  ut) 
aiva  no i id wns nod  land 


(UI5()  3SIH  anOAD 
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TIME  (hours) 


Urban  fire  spread  models  have  been  developed,  largely 
under  FEMA  sponsorship  (see  Takata  and  Salzberg,  1968  and 
Longinow  et  al.,  1982).  These  models  predict  four  phases: 

1.  An  incubation  and  exponential  growth  phase 

2.  A  phase  of  maximum  burning 

3.  A  phase  of  steady  but  less  intense  burning 

4.  Finally,  a  phase  of  relatively  low-intensity  burning 

or  smoldering. 

Phases  1  and  2  each  last  2  to  4  hours  in  a  representative  city, 
while  phases  3  and  4  last  somewhat  longer  (10  to  20+  hours). 

The  duration  and  intensity  of  phase  4  is  somewhat  indeterminate 
since  fire  fighters  (professional  or  ad  hoc)  may  be  able  to  put 
out  the  fire  relatively  easily  at  this  stage. 

The  general  characteristic  of  these  four  phases  is  also 
found  in  forest  or  bush  fires.  See  the  example  of  p.  3-7  of  an 
Australian  bush  fire. 

Note  however  that  the  fire  initiation  mechanisms  for 
nuclear-induced  urban  and  forest  fires  are  different  (see 
pp.  1-4,  1-5)  so  that  ambient  soil  moisture,  etc.,  will  affect 
forest  fires  much  more  than  urban  fires,  although  for  a  subur¬ 
ban  environment  it  will  become  important. 
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(4000  ha,  i . e • ,  (6-3)2  k*2;  SIZE  OF  (SHORT-LIVED)  CONDENSATION 
CLOUU-A  LITTLE  MORE  THAN  101  OF  TOTAL  F1KE  AREA:  1  lb/ft2) 

(SUURCE:  R-J-  Taylor  ET  AL-,  'CONVECTIVE  ACTIVITY  ABOVE  A 
LARGE-SCALE  BUSHFIRE,'  J.  APPL-  WETEOKUL-,  12  1144  (1973)) 

(MTT :  H  *  46  el/4;  H  IN  M,  U  IN  K  W ) 


SMOKE  DEPOSITION  AND  SCAVENGING 
STATIC  PICTURE — DO  NOT  USE 


In  a  static  or  average  picture,  the  altitude  distribution 
at  which  the  smoke  is  deposited  is  critical,  because  it  deter¬ 
mines  the  mean  atmospheric  residence  time,  which  in  the  tropo¬ 
sphere  is  largely  due  to  rainout.  In  particular,  that  fraction 
of  the  smoke  which  is  deposited  relatively  low  (say,  below  6  km) 
will  tend  to  be  scavenged  rather  fast  by  clouds  and  precipita¬ 
tion  . 

The  residence  time  data  describe  precipitation  scavenging 
in  a  coarse  sense.  The  range  of  variability  of  residence  time 
data  reflects  the  geographical  variation  in  precipitation  as 
well  as  our  overall  level  of  ignorance.  The  fact  that  both 
sources  agree  in  the  tropopause  region  and  differ  by  up  to  a 
factor  of  ten  in  the  boundary  layer  probably  indicates  that 
there  are  now  sufficient  data  on  the  boundary  layer  so  that  we 
recognize  the  variability;  presumably,  this  is  not  so  in  the 
tropopause  region. 

This  static  or  average  picture  is  not  generally  applicable. 

1.  Large-scale  motion  of  the  fire  plume  is  very  complex, 
and  depends  strongly  on  actual ,  local  (not  average ) 
weather  and  soil  moisture  conditions. 

2.  There  will  probably  be  some  immediate  local  scaveng¬ 
ing  of  soot  in  the  form  of  fire-induced  "black  rain" 
(see,  e.g.,  Molenkamp,  1979). 

3.  Any  residual  smoke  cloud  will  absorb  solar  energy  and 
thus  will  rise  due  to  solar- induced  buoyancy,  a 
process  for  which  arctic  haze  may  provide  a  partial 
simulation  (see  Appendix  E). 

4.  Indeed,  this  residual  cloud  will  move  as  part  of  the 
circulation  of  the  ambient  atmosphere.  Factors  deter¬ 
mining  the  interaction  of  the  cloud  with  the  atmosphere 
are  discussed  in  Chapter  4.  A  good  example  of  the 
large-scale  and  long-time  motion  is  provided  by  the 
Western  Canadian  forest  fires  of  September  1950,  which 
are  discussed  in  Chapter  5  in  the  general  context  of 
what  one  can  learn  from  large-scale  forest  fires. 


INTERACTION  OF  PLUME  WITH  ATMOSPHERE 


THE  TILLAMOOK  FIRE  IN  ERUPTION,  1933.  DURING  THE  MAIN 
BLOWUP,  THE  SMOKE  COLUMNS  REACHED  THROUGH  A  LAYERED 
ATMOSPHERE  TO  HEIGHTS  OF  37,000  TO  40,000  FEET. 


LONG-TERM  MOTION  OF  SMOKE  CLOUD 


a -r.M-jj 


Model  Sounding  for  Moderate 
(Source:  Woronlcz,  1972,  T 
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Rain  in  Central  Europe 
ble  15.) 


IIQUID 


DISPERSION  HUE  TO  HEMISPHERIC  COVERAGE,  3  MONTHS  <♦  FACTOR  OF  2) 


LARGE-SCALE  METEOROLOGICAL  EFFECTS  MOVE  CLOUD  VERTICALLY  (UP  OR  BONN) 


•  SOOT  REACTS  WITH  FREE  RADICALS  -  MOST 
COMMON  REACTIVE  SPECIES  IS  OZONE 


•  C( sol  ID )  ♦  Oj  -  CO  ♦  02  -  EXOERG  IC  -  BUT  COULD  BE 

CHEMICALLY  LIMITED  (EACT> 

•  AT  10  km j  n ( O3 )  -  1012  cm"3,  MIXING  RATIO  ~'10‘7 
(REACTION  TIMES  WILL  BE  LONGER  AT  LOWER  ALTITUDE, 
SHORTER  AT  HIGHER  ALTITUDES) 


•  TOTAL  AMOUNT  OF  ATMOSPHERIC  OZONE  MATCHES  CRUTZEN  et  al  . 
MAXIMUM  SOOT  INJECTION 


•  REACTION  KINETICS 

RATE  OF  DESTRUCTION  IS  LIMITED  BY:  CHARACTERISTIC  DISAPPEARANCE 

TIME  OF  C(s)  OR  O3 


•  COLLISION: 


f 

IN  Kcal/mole 


2  MIN. 
10  DAYS 


•DIFFUSION  OF  OZONE  TO  PARTICLE  SURFACE  2  min. 


•  TURBULENT  ENTRAINMENT  WHICH  IS  DIFFUSION-LIMITED 
RELOW  MINIMUM  EDDY  SCALE  4* 

4  ■  1m  10  min. 

4  -  10  M  *J  DAY 


I 
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This  will  presumably  be  an  important  soot  removal  mechanism 
at  altitudes  above  6  to  8  km  where  there  is  rather  little  pre¬ 
cipitation  scavenging  (see  p.  4-6;  precipitation  scavenging  is 
very  slow  for  precipitation  rates  less  than  0.1  mm/hr).  The 
other  principal  soot  removal  mechanism  at  these  altitudes  would 
be  transport  by  downward  air  flow,  such  as  is  associated  with 
tropopause  folding  (see  Danielsen,  1980  and  Danielsen  and  Hips- 
kind ,  1980  )  . 

Experimental  work  is  currently  under  way  by  R.  Fristrom  et 
al.  at  Applied  Physics  Laboratory  to  measure  the  rate  of  decom¬ 
position  of  soot  by  reaction  with  ozone.  No  results  are  avail¬ 
able  yet. 
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CLOUD  PHYSICS  CONSIDERATIONS 


POSSIBLE  INTERACTION  OF  NEIGHBORING  PLUMES 


200  km 


Source:  Danielsen  (1982) 

Enhanced  infrared  photo  of  clouds  over  Isthmus  of  Panama 
and  northwestern  South  America.  Cold  anvils  evident  by 
transition  from  black  to  white  (T  =  -70C) ,  white  to  light 
grey  (T  =  -76C)  and  to  dark  grey  (T  =  -82C) . 


4-11 


WHAT  CAN  ONE  LEARN  FROM  FOREST  FIRES 


SOME  HISTORICAL  EVENTS 

•  Plummer  (1912)  noted  many  periods  of  dark  days  in  the 
U.S.  and  Canada,  beginning  with  1706,  most  of  them 
caused,  presumably,  by  forest  fire  smoke.  Smoke  from 
the  great  Minnesota  forest  fire  of  13-17  October  1918 
reached  the  Atlantic  seaboard  in  surface  air  (Wexler, 
1950) . 

7  2 

•  In  1915,  an  area  of  nearly  1.4  x  10  ha  (50,000  mi  , 
which  exceeds  the  total  forest  area  of  France)  of 
forest  area  in  Western  Siberia  was  damaged  by  fire 
(Antsyshkin,  1957) .  The  smoke  cloud  over  Siberia  oc¬ 
cupied  an  area  equal  to  the  whole  of  Western  Europe, 
delaying  crop  maturation  for... 3  weeks  (Artsybashev, 
1974) . 

•  In  1921,... the  forests  of  the  Mari  Autonomous  Soviet 

Republic  continued  burning  throughout  the  summer. 

Over  35,000  people  fought  the  fire  for  several  days, 

5  2 

but  almost  3  x  10  ha  (1000  mi  )  of  mature  commercial 
wood  area  were  destroyed  (Artsybashev,  1974) . 

•  During  the  last  10  days  of  September  1950,  a  smoke 
pall  spread  over  portions  of  Canada,  the  Eastern  U.S., 
and  Western  Europe.  This... was  unusual  in  the  large 
area  affected,  and  in  the  high  concentration  of  smoke, 
which  persisted  in  the  Middle  Atlantic  States  for... 
nearly  a  week  (Wexler,  1950)  . 
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FOREST  FIRE  CONFLAGRATIONS  IN  SIBERIA0915) 


Source: 


■  Forest  fires  burned  unimpeded  from  hay  to  Sept. 

■  Covered  55000  square  miles,  equal  to  about  t/3  of 

western  Europe. 

■  The  fires  were  mostly  crown  fires  and  then  burned 

the  peat  up  to  6  feet  deep. 

■  Smoke  continuity  lasted  for  51  days. 

Type  1  smoke— Continuous  smoke,  objects  not 
perceptible  over  a  distance  of  350  feet 
( 1 ,097,000  square  miles). 

Type  2  smoke— Nothing  to  be  seen  at  a  distance 
of  77  to  350  feet  (833,000  square  miles). 
Type  3  smoke— Nothing  to  be  seen  at  a  distance 
of  14  to  77  feet  (702,000  square  miles). 

■  Visual  range:  350  feet  =  1 1 ,037  pg  m-3 

77  feet  =  46,800  pg  m*3 
14  feet  =  259,071  pg  m“3 

■  Rainfall:  on  July  30  a  very  heavy  smoke  occurred  in 

connection  with  a  few  drops  of  rain.  Smoke 
became  so  dense  that  at  3:00  pm,  day  changed 
into  night. 

■  Effects:  Grass  and  hay  were  covered  with  soot  with 

a  smoky  smell  and  bitter  taste,  "sickness  among 
the  cattle  resulted  from  the  use  of  this  fodder." 

■  In  July  1 91 5,  85  percent  of  normal  sunshine  was 

received  and  in  August  65  percent  of  normal. 


D.E.  Ward  (USFS) ,  from  Shostakovitch  (1925) 
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The  figure  (from  Smith,  1950)  shows  trajectories  of  air 
parcels  calculated  on  isentropic  tracks  for  9  =  312  K.  Dashed 
hatching  represents  the  fire  area.  Three-digit  numbers  by 
trajectory  points  are  altitudes  in  hundreds  of  feet.  Large 
dots  near  the  Great  Lakes  mark  stations  reporting  greatly 
diminished  daylight  on  21  September.  Large  dots  in  Newfound¬ 
land  show  the  same  on  25  September.  The  thin  solid  lines  across 
the  Great  Lakes  and  the  Eastern  U.S.  are  isochrones  at  5-hour 
intervals  on  24  September,  showing  southeastward  progress  of 
the  smoke  layer. 

Smoke  plume  height  was  3  to  6  km  over  the  U.S.,  9  to  11  km 
over  Europe.  Generally,  a  plume  rises  due  to  solar  heating; 
due  to  atmospheric  motions,  it  rises  in  moving  northward,  sinks 
in  moving  southward. 

Estimates  of  the  total  quantity  of  smoke  generated  are 
consistent  with  models  within  a  factor  of  3  to  10  (see  Appendix 
F ,  item  F. 2 ) . 
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CURRENT  EVENTS 


Yukon,  July/August  1982 

•  2  x  10®  ha  burned  for  2  months. 

•  Plume  followed  same  general  track  as  in  September 
1950.  One  branch  went  to  Britain,  some  dissipated 
over  Cape  Hatteras. 

Borneo,  1982  -  1983 

•  3.6  x  10®  ha  (August  to  October  1982,  April  to 
May  1983) .  See  Appendix  H. 

•  Multispectral  data  from  NOAA  polar  orbiters  being 
analyzed. 

Australia,  February  1983 

•  0.3  x  10®  ha  (Voice  and  Gauntlett,  1984). 

Siberia,  July  1984 

•  Large  smoke  plume  reported. 

SOME  CHARACTERISTICS 

High-latitude  Event 

•  Motion  and  scavenging  representative  of  Nuclear 
Winter  scenario. 

Low- latitude  Event 

•  Relatively  high  fuel  loading. 

TTAPS  Base  Case 

6  2 

•  Fire,  150  x  10  ha,  30  kg/m  ,  50%  burned. 
Multi-spectral  Imagery  on  NOAA  Satellites 

•  Visible  —  shows  smoke  plume  (not  too  thick  optically) 

•  0.9  ym  --  penetrates  haze. 

•  3.8  ym  —  goes  to  surface,  sees  hot  spots. 

•  11  ym  —  plume  appears  cold  against  earth  background 

(Hope  to  learn  plume  height  and/or  IR  absorption  of  molecular 
species  in  plume) . 


It  is  clear  that  forest  fires  occur  only  under  a  relatively 
limited  set  of  meteorological  conditions.  In  Siberia,  Alaska, 
and  Northern  Canada  there  is  a  well-defined  fire  season,  typi¬ 
cally  from  June  through  August,  and  even  then  only  when  the 
ground  and  woods  are  very  dry,  which  occurs  frequently  in  some 
years,  but  very  rarely  in  other  years.  However,  when  a  forest 
fire  burns  it  does  simulate  the  general  characteristics  of  urban 
fires,  and  probably  provides  the  best  available  simulation.  A 
particularly  good  simulation  in  terms  of  fire  loading  (but  not 
meteorology)  comes  from  land  clearing  in  Brazil,  and  this  will 
be  investigated  further. 
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GENERAL  COMMENTS  AND  CONCLUSIONS 


This  paper  has  addressed  some  specific  aspects  of  the 
Nuclear  Winter  issue  and  conclusions  are  presented  in  Section 
6.2.  However,  some  general  comments  on  the  Nuclear  Winter 
issue  would  seem  to  be  in  order  at  this  point. 

6.1  GENERAL  COMMENTS 

The  obvious  question  is,  "how  real  is  the  Nuclear  Winter 
threat?"  The  following  remarks  are  an  attempt  to  answer  this 
question. 

•  No  one  has  yet  demonstrated  convincingly  that  the 
Nuclear  Winter  concept  is  physically  impossible,  or 
that  the  numerical  estimates  of  Turco  et  al.  (1983) 
are  wildly  unreasonable,  although  estimates  of  the 
amount  of  cooling  that  would  occur  have  tended  to 
decrease  somewhat,  from  50°C  to  20°C,  as  effects  of 
the  oceans  are  introduced. 

•  Teller  (1984)  suggests  that  the  effects  of  climate 
change  associated  with  Nuclear  Winter  will  eventually 
be  shown  to  be  small  compared  with  the  direct  physical 
damage  resulting  from  a  large-scale  nuclear  exchange. 

•  Whether  and  to  what  extent  massive  urban  fires — as 
postulated  in  the  Nuclear  Winter  Scenario — occur  will 
depend  on  the  scenario,  and  to  some  extent  on  environ¬ 
mental  conditions  (precipitation,  snow  cover,  etc.). 
Presumably,  if  there  are  no  nuclear  attacks  on  cities, 
there  will  be  no  large  urban  fires. 


•  If  there  are  nuclear  attacks  on  cities,  how  likely  is 
it  that  there  will  be  large  urban  fires?  We  know,  for 
example,  that  most  forest  fires  occur  near  the  end  of  a 
long,  dry  summer  season.  Current  firespread  models  do 
not  take  into  account  any  seasonal  weather  variations.* 
The  effect  of  seasonal  variations  on  firespread  and 
plume  rise  is  probably  "not  great,"  but  should  be  better 
defined . 

•  If  massive  urban  fires  occur,  their  effects  can  range 
from  relatively  little  to  enormous.  The  1915  Siberian 
forest  fires  burned  some  15  million  hectares  (45  million 
acres)  and  reportedly  delayed  crop  maturation  for  up  to 
three  weeks,  but  produced  no  noticeable  global  cooling. 

•  The  reliability  of  the  predictions  is  poor  because  the 
global  climate  models  omit  many  factors  which  could  be 
important.  Probably  the  most  significant  uncertainty 
is  the  duration  of  the  effect.  The  models  have  limited 
ocean-atmosphere  interaction,  which  is  critical  in 
predicting  long-term  effects  because  of  the  very  large 
heat  capacity  of  the  oceans.  The  models  predict  a 
fundamental  change  in  the  atmosphere,  leading  to  much 
enhanced  stability  and  thus  less  convection,  precipi¬ 
tation,  and  scavenging  than  in  today's  atmosphere. 
Clearly,  if  the  soot  is  not  scavenged  rapidly,  the 
surface  cooling  could  last  much  longer,  giving  a  much 
more  severe  effect. 


Conventional  firespread  models  (e.g.,  that  of  IITRI)  postulate 
ignition  at  a  thermal  load  of  the  order  of  10  cal/cm2.  Since 
the  latent  heat  of  evaporation  of  water  or  ice  is  in  the  range 
of  600  to  700  cal/g.  10  cal/cm2  would  evaporate  0.1  to  0.15  mm 
of  water,  or  perhaps  ten  times  as  thick  a  layer  of  snow.  Thus 
the  presence  of  a  relatively  small  amount  of  moisture  will  in¬ 
hibit  fire  ignition  in  a  forest.  Urban  models  typically  postu¬ 
late  ignition  as  occurring  inside  a  room  by  radiant  energy 
transmitted  through  windows,  so  that  ambient  moisture  would 
presumably  not  be  important  here.  In  any  case,  it  is  clear  that 
once  a  fire  is  well  under  way  the  effect  of  standing  water  or 
rain  is  probably  negligible. 
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6.2  CONCLUSIONS 


6.2.1  Fuel  and  Fire  Loading 

The  fuel  loading  (mass  of  fuel  per  unit  area)  of  forests 
and  typical,  modern  spread  out  cities  with  suburbs  are  roughly 
comparable,  but  older,  high-density  cities  constructed  of  wood 
rather  than  steel,  brick,  or  concrete  have  significantly  higher 
fuel  loadings,  giving  rise  to  the  possibility  of  "fire  storms." 

The  issue  of  fuel  loading  vs  fire  loading  (mass  of  fuel 
burned  per  unit  area)  is  important.  In  a  city,  the  fire  loading 
may  approach  the  fuel  loading  (although  the  effect  of  blast 
might  be  to  reduce  significantly  the  fraction  of  fuel  burned), 
but  in  the  average,  not-very- intense  forest  fire  it  is  mainly 
the  leaves,  needles,  branches,  and  dead  material  on  the  ground 
that  burns,  leaving  the  tree  trunks,  which  make  up  the  major 
part  of  the  fuel  loading,  largely  unburned.  This  does  not  apply 
to  the  case  of  fires  used  for  land  clearing  for  commercial  agri¬ 
culture  or  stock  raising.  However,  following  an  initial  major 
forest  fire,  there  are  often  periodic  reburns  over  a  period  of 
years  in  which  the  material  killed  but  not  burned  by  the  initial 
fire  has  dried  and  so  become  unusually  flammable. 

6.2.2  Fire  Emissions 

Smoke  is  an  exceedingly  complex  mixture  of  particles  and 
gases.*  In  particular  there  are  many  infrared  active  molecules 
present  in  smoke  (in  small  concentration),  which  will  lead  to 
a  "greenhouse"  warming.  The  rough  estimates  presented  in 
Appendix  C  suggest  a  warming  of  the  order  of  1°C,  far  less  than 
the  predicted  Nuclear  Winter  Cooling. 

The  hydrocarbons  and  other,  more  reactive  molecules  emitted 
will  undergo  photochemical  reaction  in  the  presence  of  sunlight. 


*"As  of  1968,  over  1200  chemical  compounds  have  been  identified 
in  tobacco  smoke.  To  date,  over  200  compounds  have  been  iden¬ 
tified  in  wood  smoke."  (Quoted  from  Southern  Forestry  Smoke 
Management  Guidebook,  1976,  p .  11.) 


possibly  leading  to  a  reduction  in  OH  radicals  and  to  ozone 
production  through  "smog"  reactions.  Indeed,  these  various 
effects  may  prove  to  be  more  significant  on  a  long-term  basis 
than  the  atmospheric  injection  of  soot. 

J.V.  Smith  (Geophysical  Sciences,  University  of  Chicago) 
pointed  out  on  5  September  1984  that  there  are  large  coal  depo¬ 
sits  in  North  Dakota,  and  raised  the  possibility  that  warheads 
detonated  on  or  below  the  surface  to  destroy  hardened  Minuteman 
missiles  could  raise  large  quantities  of  coal  dust  high  into 
the  atmosphere.  The  mass  of  material  lofted  by  a  near-surface 
burst  is  of  the  order  of  0.3  million  tons  per  Mt.  If  10  percent 
of  this  mass  goes  into  the  stratosphere,  and  if  10  percent  of 
the  total  mass  is  coal  dust,  the  detonation  of  100  Mt  of  nuclear 
weapons  will  send  some  3  million  tons  of  coal  dust  into  the 
stratosphere.  This  may  be  compared  with  the  11  million  tons  of 
soot  sent  into  the  stratosphere  in  the  scenario  "base  case"  in 
Turco  et  al .  ( 1983 ) . 

6.2.3  Fire  Models 

There  appears  to  be  no  good  feeling  about  how  reliable  the 
urban  firespread  models  are,  at  least  with  regard  to  how  the 
rate  of  energy  release  depends  on  multiburst/blast  effects  and 
on  ambient  weather.  Further,  plume  rise  is  strongly  coupled  to 
the  rate  of  energy  release,  and  the  entrainment  and  detrainment 
of  water  vapor  and  the  deposition  of  smoke  or  soot  are  not  well 
understood . 

6.2.4  Interaction  of  Plume  and  Atmosphere 

Interaction  of  plumes  with  the  atmosphere  is  a  very  complex, 
important,  but  barely  studied  problem.  It  is  important  because 
during  the  1  to  3  week  period  in  which  the  plumes  from  individual 
fires  presumably  merge  and  spread  into  a  relatively  uniform 
smoke  pall  there  is  the  possibility  of  a  number  of  different 
processes  leading  to  rainout  and  other  disappearance  mechanisms. 
What  goes  on  in  this  time  period  clearly  depends  very  much  on 
ambient  weather. 


Different  plumes  may  interact,  as  do  thunderclouds,  lead¬ 
ing  possibly  to  enhanced  cloud  rise  or  to  enhanced  or  reduced 
precipitation  scavenging.  In  this  context,  the  NASA  strato¬ 
sphere/troposphere  interaction  experiment  (page  4-10;  Danielsen, 
1982;  and  Margozzi,  1983)  may  provide  some  useful  information. 

The  possibility  that  soot  and  organic  molecules  may  be 
destroyed  by  ozone  and  other  ambient  atmospheric  oxidants  is  a 
very  important  one,  especially  at  higher  altitudes  (above  5  to 
6  km)  where  little  precipitation  scavenging  occurs,  and  here 
the  experiments  of  Fristrom  et  al.,  (1984)  may  be  extremely 
significant. 

One  possible  partial  simulation  may  be  provided  by  Arctic 
Haze  (see  Schnell  e  .  al.,  1984  and  Appendix  E). 

6.2.5  Forest  Fires 

It  is  clear  that  the  lon^ -range  transport  of  a  smoke  plume 
is  very  important  in  determining  the  effect  of  the  emitted 
smoke  on  local  and  regional  insolation  and  weather,  as  well  as, 
ultimately,  on  global  climate.  Here,  forest  fires  provide  a 
large  and,  as  yet,  largely  unexploited  data  base,  both  actual 
and  potential,  which  demonstrates  how  the  smoke  is  dispersed. 

The  best  single  source  of  data  concerns  by  the  Canadian  forest 
fires  of  September  1950,  but  there  are  other  data  concerning 
fires  in  the  Yukon  (July  1982),  Borneo  (1982-83),  Brazil,  and 
possibly  Siberia,  that  can  be  exploited. 

A  specific  question  deals  with  the  duration  of  smoke 
effects.  The  plume  of  the  Canadian  forest  fires  which  burned 

1.5  x  106  ha  was  observed  for  8  to  10  days,  but  no  cooling  was 
reported.  The  1915  Siberian  fires  (15  x  10^  ha)  burned  for  5 
months  and  were  reported  (Artsybashev,  1974)  to  have  delayed 
crop  maturation  for  as  much  as  3  weeks.*  By  contrast,  the 

*This  statement  probably  cannot  be  verified  because  cause  and 
effect  in  climate  variability  cannot  easily  be  ascribed  since 
there  are  many  contributing  factors.  Further,  Professor  H.E. 
Landsberg,  University  of  Maryland,  (private  communication,  5 
September  1984)  points  out  that  after  mid-1914  Russian  tem¬ 
perature  records  are  not  available,  so  that  it  is  doubtful 
whether  one  can  establish  unequivocally  that  a  regional  cooling 
occurred  or  that,  if  it  did,  it  was  due  to  the  forest  fires. 
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GENERAL  COMMENTS  AND  RECOMMENDATIONS 


As  in  Chapter  6,  Conclusions,  specific  recommendations  on 
the  five  general  issues  addressed  in  this  work  are  outlined  in 
Sections  7.2.1  through  7.2.5,  but  general  recommendations  on 
the  overall  Nuclear  Winter  issue  are  given  first,  in  Section  7.1. 

7.1  GENERAL  RECOMMENDATIONS 

Since  one  cannot  discount  the  possibility  of  Nuclear  Winter 
occurring,  it  is  appropriate  to  investigate  it.  Based  on  the 
general  conclusions  of  Chapter  6,  the  following  general 
recommendations  are  offered. 

•  One  key  issue  can  be  seen  from  Fig.  Is  how  can  one  get 
from  the  present  atmosphere  with  an  adiabatic  tropo¬ 
sphere  to  the  postulated  adiabatic  state?  To  determine 
this  one  must  examine  how  the  smoke  plumes  from  the 
individual  fires  merge  and  spread  around  the  globe. 

•  Work  should  be  done  on  scenarios  to  identify  under 
what  conditions,  and  to  what  extent,  large-scale 
fires  might  occur. 

•  The  dependence  of  fires  on  ambient  weather  and  hydro- 
logical  (soil,  moisture,  snow,  etc.)  conditions  should 
be  investigated,  treating  all  aspects  from  ignition 
probability  to  plume  rise  and  deposition. 

•  It  must  be  established  whether  the  predictions  of  en¬ 
hanced  atmospheric  stability  are  robust,  and  how  this 
changes  scavenging  rates  and  thus  soot  life  time. 

•  Climate  models  need  improvement,  both  insofar  as 
additional  physical  processes  are  included  and  also 
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as  predictions  are  verified  by  comparison  with  actual 
events  such  as  urban  and  forest  fires.  Specific 
processes  that  should  be  considered  include  the  follow¬ 
ing  : 

-  Ocean/atmosphere  interactions  (since  long-term 
climatic  changes  are  largely  mediated  by  the  very 
great  heat  capacity  of  the  oceans) 

-  Water/ice  cloud  effects  on  the  radiative  balance 

-  Surface  snow/ice  albedo  feedback  (Robock,  1984) 

-  Diurnal  variation  of  insolation 

-  Appropriate  ranges  of  scenarios  and  initial  conditions 

RECOMMENDATIONS 


Fuel  and  Fire  Loadings 


The  current  methodology  for  determining  fuel  loadings  is 
reasonably  adequate,  but  fire  loadings,  which  give  the  fraction 
of  the  fuel  that  is  burned,  are  not  so  well  established.  More 
effort  here  may  be  appropriate,  particularly  in  determining  the 
effects  of  ambient  environmental  conditions  (temperature,  snow 
cover,  etc.)  and  of  blast  damage  on  urban  fire  loadings.  As  a 
consequence  of  this,  it  may  be  appropriate  to  indicate  in  what 
'raction  of  possible  scenarios  one  might  expect  large  fires  to 
occur . 

7.2.2  Fire  Emissions 

Estimates  of  soot  production  are  probably  adequate  within 
the  range  of  plausible  numerical  values.  However,  it  is 
appropriate  to  ask  how  rapidly  the  properties  of  soot  particles 
change  from  being  hydrophobic,  since  this  will  affect  the  rate 
of  scavenging. 

More  detailed  analysis  of  chemical  species  emitted  by 
fires  seems  desirable  in  order  to  establish  their  potential 
long-range  effect  on  atmospheric  photochemistry  and  also  their 
greehouse  effect,  to  improve  on  the  crude  model  of  Appendix  B. 


7.2.3  Fire  Model 

Issues  here  include  the  verification  of  firespread  and 
plume  rise  models,  including  the  effects  of  ambient  weather  and 
of  blast  damage  on  burning  rate  and  air/water  entrainment  and 
smoke  detrainment/deposition  in  the  atmosphere.  For  the  plume 
rise/deposition,  cumulus  convection  models  (e.g..  Cotton,  1984) 
should  be  developed  and  applied.  One  question  to  be  answered 
is:  how  much  of  the  moisture  and  pollutants  raised  into  the 
stratosphere  by  such  a  cloud  are  deposited  in  the  stratosphere 
rather  than  transported  down  again. 

7.2.4  Plume/Atmosphere  Interaction 

As  pointed  out  in  Section  7.1,  it  is  absolutely  crucial  to 
determine  how  one  gets  from  a  normal  adiabatic  atmosphere  to 
the  isothermal  one  of  Fig.  S-l  (p.  S-2).  In  this  context  it  is 
essential  to  determine  how  the  plumes  from  individual  fires 
rise,  merge  with  one  another,  interact  with  ambient  weather 
systems,  are  scavenged,  rise  due  to  solar-induced  buoyancy  rela¬ 
tive  to  their  local  isentropic  trajectories,  and  eventually 
spread  around  the  globe. 

Some  key  questions  include  the  following: 

•  How  much  self-induced  scavenging  will  there  be,  giving 
rise  to  "black  rain"? 

•  How  fast  is  smoke  destroyed  by  chemical  reaction, 
presumably  principally  by  the  soot/ozone  reaction? 

The  experimental  work  of  R.  Fristrom  et  al.,  Applied 
Physics  Laboratory  (see  p.  4-8f)  should  be  supported. 

The  problem  is  not  a  simple  one,  and  a  relatively  broad 
but  guided  range  of  experimental  studies  could  be 
extremely  useful. 

•  How  fast  is  smoke  transported  down  from  the  tropopause 
region  by  convection,  tropopause  folding,  etc.,  into 
the  middle  troposphere  where  it  will  presumably  be 
scavenged  by  clouds  and  rain? 
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•  What  can  be  learned  from  arctic  haze  studies  (see 
Schnell,  1984)?  Appendix  E  lists  a  number  of  questions 
to  be  addressed,  such  as  plume  rise  due  to  buoyancy, 
aspects  of  the  soot-ozone  reaction,  and  precipitation 
scavenging.  However,  further  examination  of  these 
issues  is  appropriate. 

•  What  are  the  effects  of  ambient  weather  conditions  on 
long-range  transport? 

•  How  important  are  firestorms,  as  against  other  mass 
fires? 

•  What  is  the  possible  interaction  between  neighboring 
clouds,  such  as  the  effect  studied  for  cumulonimbus 
by  Danielsen  (1982)? 

•  What  are  smog  effects  of  nitrogen  where  soot  and  sulfur 
rather  than  oxides  are  primary  pollutants  (such  as  was 
formerly  the  case  in  Pittsburgh)? 

7.2.5  Forest  Fires 

Small  fires  (prescribed  burns)  may  be  of  use  for  studying 
emissions  and  plume  rise  under  different  conditions,  but  there 
is  probably  sufficient  information  from  LJ.S.  Forest  Service 
experience  (see,  e.g.,  Southern  Forestry  Smoke  Management  Guide- 
Book  (1976),  Chandler  (1984).  The  experience  from  events  such  as 
the  November  1983  Winchester,  Virginia  tire  fire  (see  Appendix  D) 
which  has  largely  been  recorded  on  video  tape  by  NOAA  (Nappo, 
1984)  is  probably  not  very  useful,  but  should  not  be  dismissed 
without  further  thought. 

Large  forest  fires  such  as  those  in  the  Yukon,  Brazil, 
Borneo,  and  Siberia  provide  very  useful  information  since  they 
are  large-scale  phenomena  whose  plumes  can  be  sensed  remotely 
using  the  multi-spectral  imagery  provided  by  weather  satellites, 
and  thus  long-range  transport  can  be  studied.  However,  there 
are  several  problems,  namely: 

•  Mid/high  latitude  fires  occur  under  weather  conditons 
which  are  relevant  to  the  scenarios  for  a  nuclear 
exchange . 


Forest  fires  at  any  latitude  do  not  occur  at  random, 
but  under  very  specific  sets  of  weather  conditions, 
that  is,  when  a  mass  of  warm,  dry  air  is  stationary 
over  a  given  surface  region  for  some  weeks,  producing 
conditions  conducive  to  fire.  The  air  mass  has  high 
thermal  energy,  which  may  simulate  the  heat  of  com¬ 
bustion  of  a  burning  city. 

Tropical  forest  fires  may  not  provide  a  very  good 
simulation.  Some  of  the  most  interesting  situations 
are  associated  with  land  clearing  for  commercial 
agriculture.  The  scale  (including  fire  loading)  of 
some  of  these  operations  is  large,  but  the  ambient 
meteorology  is  quite  different  from  mid/high  latitude 
conditions.  In  particular,  the  1982-83  Borneo  fires 
extended  over  a  very  large  area  but  had  a  low  fire 
loading  and  consequently  low  initial  plume  rise  height. 
However,  any  subsequent  plume  rise  would  be  of  great 
interest  (see  Appendix  H). 
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APPENDIX  B 


A  MODEL  FOR  SOOT  PARTICLES,  DESCRIBED  AS  SPHERES* 

The  soot-like  aerosols  used  in  the  urban  model  of  Shettle 
and  Fenn  (1979)  are  assumed  to  be  spheres  with  the  same  size 
distribution  as  the  rural  aerosol  model.  The  refractive  index 
of  soot-like  aerosols  was  based  on  the  soot  data  in  Twitty  and 
Weinman,  1971  (see  Table  B.l).  The  particle  size  distribution 
is  given  in  Figs.  B.l  to  B.3  (for  more  data  on  other  aerosols, 
see  Shettle,  Fenn,  and  Mill,  in  publication,  December  1984). 


I 


*Source :  E.P.  Shettle  and  R.W.  Fenn,  "Models  for  the  Aerosols 

of  the  Lower  Atmosphere  and  the  Effects  of  Humidity  Variations 
on  their  Optical  Properties,"  AFGL-TR-79-0214 ,  September  1979. 


B-3 


TABLE  B.l.  REFRACTIVE  INDEX  FOR  THE  DIFFERENT  AEROSOL  COMPON 
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FIGURE  B.2.  Cumulative  Number  Density 

(cm~3)  for  the  Rural  Aerosol 
Model  at  Different  Relative 
Humidities  with  Total  Par- 
Particle  Concentration  Fixed 
at  15,000  cm" ^ . 


RURAL  AEROSOL  MODELS 


FIGURE  B.3.  Volume  Distribution  ( ym^/cm^ ) 
for  the  Rural  Aerosol  Model 
at  Different  Relative  Humid¬ 
ities  with  the  Total  Particle 
Concentration  Fixed  at  15,000 


APPENDIX  C.  NUCLEAR-INDUCED  FIRES;  ATMOSPHERIC/CLIMATE 
EFFECTS  DUE  TO  MOLECULAR  GASES 

When  wood  (or  similar  material)  burns  in  air,  a  variety  of 
minor  species  are  produced  in  addition  to  CO2 ,  H2O,  and  soot. 
Page  2-5  lists  some  of  the  materials  produced.  The  impact  of 
these  minor  species  on  the  atmosphere  is  indicated  in  Chart  C.l, 
which  is  based  on  the  following  assumptions; 

1.  City  fire  burns  4  x  10®  tons  wood 

2.  Scenario  =  1000  city  fires 

Note  the  large  emissions  of  CO,  NOx,  and  hydrocarbons. 

What  are  the  effects  of  these  molecules?  CO  is  fairly 
long-lived;  it  destroys  OH  but  has  no  large  greenhouse  effect. 
NOx  produces  ozone  in  the  troposphere  and  destroys  it  in  the 
stratosphere  (see  Penner,  1983).  Hydrocarbons  will  destroy  OH 
and  (in  the  troposphere)  may  produce  ozone  if  there  is  enough 
NOx  and  sunlight — but  they  will  certainly  give  rise  to  a  green¬ 
house  warming.  The  volatile  organic  compounds  listed  on  page 
2-5  are  either  hydrocarbons  or  else  more  reactive  organic  mole¬ 
cules  which  would  tend  to  be  photolyzed  rather  rapidly  by  any 
solar  UV  radiation  that  penetrates  into  the  smoke  cloud. 

Chart  C.2  gives  relevant  IR  optical  properties  of  some 
simple  hydrocarbons ,  their  "greenhouse  effectiveness"  3T/3M 
from  Wang  et  al.  (1976)  and  also  the  computed  greenhouse  warm¬ 
ing  due  to  CH4  and  C2H4,  assuming  the  mass  injections  of  Chart 
C-l.  For  whatever  this  scaling  is  worth,  the  greenhouse  warm¬ 
ing  is  reasonable  but  not  terribly  large;  the  "band  sum"  (abso¬ 
lute  intensity  or  f-number)  for  the  various  molecules  is  not  too 
different,  so  that  presumably  the  effects  of  the  various  other 
molecules  that  have  transitions  in  the  7-14  pm  spectral  range 


will  be  comparable.  The  total  greenhouse  warming  might  be 
several  degrees  for  a  scenario  of  10,000  rather  than  1000  city 
fires . 

Thus,  what  photochemical  and  climatic  perturbations  may  be 
expected,  in  addition  to  the  soot-injection-induced  "Nuclear 
Winter"  cooling? 

1.  Substantial  changes  in  N0X  and  in  ozone,  in  particular 
in  the  stratophsere ,  largely  as  a  result  of  bomb- 
induced  NOx  injection  of  the  fireball  rather  than  from 
fires  (see  Chart  C-l). 

2.  A  fairly  small  greenhouse  warming  (  <  1°K) ;  see 
Chart  C-2. 

3.  Substantial  enhancement  of  CO  in  the  troposphere. 

4.  Substantial  enhancement  of  hydrocarbons  in  the  tropo¬ 
sphere  . 

5.  A  probably  quite  short-lived  injection  of  exotic 
organic  compounds  giving  rise  to  "tropospheric  smog." 

6.  A  small  fractional  enhancement  in  atmospheric  CO2. 

Of  these,  the  photochemical  effects  1  and  5  depend  on  the 
presence  of  sunlight,  i.e.,  they  will  not  occur  under  a  severe 
smoke  pall,  but  presumably  they  have  to  be  considered  whenever 
the  soot  has  disappeared.  In  the  presence  of  sunlight,  a 
potentially  significant  consequence  of  items  3,  4,  and  5  may 
be  a  reduction  in  atmospheric  OH  radical  which,  in  turn,  may 
lead  to  a  variety  of  photochemical  consequences. 


CHART  C.l.  ATMOSPHERIC  LOAD  AND  PERTURBATION  OF  VARIOUS  MINOR  SPECIES 
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CHART  C.2.  OPTICAL  AND  GREENHOUSE  PROPERTIES  OF  SOME  MOLECULES 
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MICROCOPY  RESOLUTION  TEST  CHART 
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INSTITUTE  FOR  DEFENSE  ANALYSES 
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SCIENCE  AND 
TECHNOLOGY  OIVISION 

20  September  1984 

Dr.  Russell  C.Schnell, 

Project  Scientist ,AGA3P , 

Cooperative  Institute  for  Research  in  Environmental  Sciences, 
University  of  Colorado, 

Boulder, CO  80309. 

Dear  Russe 11 : 

Thank  you  very  much  for  sending  me  information  and  reprints 
on  ozone  variations  associated  with  layers  of  arctic  haze (AK) 
during  AGASP,  following  our  recent  telcon.  I  present  here 
some  thoughts  on  how  AH/AGASP  might  help  with  the  Nuclear  Winter 
(NW)  problem,  which  I'm  sending  also  to  a  few  other  people. 

Comments  and  criticisms  would  "be  most  welcome. 

1.  One  question-  which  is  being  addressed  in  the  laboratory  by 
Bob  Fristrom  of  APL-  is  how  rapidly  soot  is  destroyed  by  reaction 
with  ozone (bearing  in  mind  that  "soot"  isn't  a  well-defined  chemical 
material).  As  you  point  out  (Schnell  &  Raat z ( 198 4 ) -GRL-  see  attach¬ 
ment  I)  "multiple  layers  of  AH,  varying  in  thickness  from  a  few 
tens  to  hundreds  of  meters,  were  observed  throughout  the  tropo¬ 
sphere",  but  the  results  (see, eg  Fig.  1,  op  cit,  shown  in  att.I) 
show  much  less  variability  in  ozone  than  in  extinction  cross  section 
CN ,  and  particle  concentration. 

Now,  the  time  scale  for  atmospheric  motions  on  a  distance  d 
is  of  order 

(1)  t  =  d  2/2K 

s  V  V 

2 

where  K  '■'■'5  m  /sec  (NO AA/ARL-  Pack , Draxler ,  et  al)  ,  which 
gives  ?  1  hour,  from  this  one  can  only  say  that  either 

(i)  the  ozone  instrument  is  significantly  less  sensitive  than 

the  others  shown  in  Fig.  1  ,  or_ 

(ii)  there  is  far  more  ozone  in  the  troposphere  than  is  needed 
to  destroy  the  soot  particles  in  AH  ,  o_r 

(iii)  the  reaction  between  AH  soot  and  ozone  has  a  character¬ 
istic  time  much  greater  than  t 

s 

You  presumably  can  answer  (i),  I  sort  of  doubt  whether  (ii) 
holds,  and  would  not  be  surprised  if  (iii)  were  true.  The  ultimate 
question  is-  can  one  learn  anything  else  about  the  soot-ozone 
reaction  from  AH/AGASP? 


2.  As  you  indicated,  AH  may  have  a  representative  travel  time 
of  7-14  days  in  getting  from  its  ground-level  source  in  Siberia 
to  where  it  was  observed  in  Alaska,  ie  a  distance  of  several  thousand 
kilometers,  at  fairly  constant  latitude . (The  proviso  about  constant 
latitude  may  be  significant  because  it  implies  that  except  for  the 
effect  of  local  weather/fronts  etc,  which  may  raise  it  by  several 
hundred  meters  in  moving  along  an  isentropic  trajectory  there  is  no 
normal  meteorological/dynamic  mechanism  for  lifting  the  haze  layers 
from  the  surface  to  where  they  were  observed  in  the  middle  troposphere) 
Thus  I  ask,  can  solar  absorption-induced  buoyancy  lift  the  haze 
layers  to  where  they  were  found.  I  calculate  as  follows. 


The  absorption  optical  thickness  of  haze  in  vertical  viewing  is 


'X  0 

thus  for 

.02- 

an 

0.05  (Hal  Rosen,  private  communication  at  NBS) ,  and 

air  mass  of  horizontal  area  A,  the  solar  energy  absorbed 

in  time 

fca 

i  s 

(2) 

Eab 

=  H  £  A  t 

s  o  a 

where 

H 

2 

=  1.4  kw/m  (solar  constant) 

o 

t-w 

»  emissivity/absorptivity  of  AH 

layer  in  visible, 

/.>  .'T' 

-  .  av 

Now , 

if 

this  energy  goes  to  raise  an  air  layer  of  thickness  d 

by  a  height 

^h  ,  so  that 
a 

V 

(3) 

E.  «E.=Adog.ih  , 

buoy  abs  v  -  a 

where 

■  air  density  -  1  kg/m 

2 

g 

=  acceleration  due  to  gravity. 

10  m/sec 

so  that 

(4)  ha  *  (  H  'f av/  d  f>  g  )  t 

and  for  a  layer  of  thickness  d  =  500  m  and  an  insolation  t  =6  hours 
per  24  hour  interval,  if  T  V=  0.05  <1  h  =  300  m  per  §4  hours. 

This  is  very  crude,  but  clearly  demonstrates  that  solar  heating 
can  raise  the  soot  layer  to  heights  of  a  few  kilometers  in  7-14  days. 
(Recall  that  for  soot  the  emissivity  in  the  visible  is  an  order  of 
•magnitude  greater  than  in  the  thermal  IR,  so  that  cooling  at  night- 
and  subsequent  sinking-  will  be  an  order  of  magnitude  less  than 
rising  in  the  daytime). 

The  question  here  is 

(i)  is  this  discussion  correct? 

(ii)  can  any  of  this  be  observed  and  studied  experimentally 
with  past  or  future  AGASP  missions? 

3.  A  "final"  question  is-  what  can  one  learn  about  precipitation 
scavenging  from  AH/AGASP?  You  mentioned  some  preliminary  data  on 
washout  over  Greenland  (?). 


E-4 


Incidentally,  could  you  send  me  a  preprint  of  Raatz'  article 
for  Tellus  on  the  Ptarmigan  flights,  and  also  your  Atms  .  Envir. 
article  on  Air  Mass  Characteristics  doesn't  include  Fig.  5  which 
is  listed  in  the  text. 

Sincerely  yours, 


Ernest  Bauer 

cc-  Dr.  Art  Aikin,  NASA/GSFC 
Dr.  Jim  Angell,  NOAA/ARL 
Dr.  Bob  Fristrom,  APL 
Dr.  Ruth  Reck ,GMRL 
Dr.  Hal  Rosen,  LBL 
Dr.  Lee  Wittwer,  DNA/RAAE 
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VERTICAL  AND  HORIZONTAL  CHARACTERISTICS  OP  ARCTIC  HAZE  DURING  ACASP:  ALASKAN  ARCTIC 

R.  C.  Schnell*  and  W.  E.  Raatt2 
"CIRES,  University  of  Colorado,  Boulder,  CO  80309 
2Ceophyslcal  Monitoring  for  Climatic  Change,  Air  Resource*  Laboratory,  NOAA,  Boulder,  CO  80303 


Abstract.  Vertical  and  horizontal  distribu¬ 
tions  of  ozone,  extinction  due  to  aerosol  light 
scattering,  condensation  nucleus  concentrations, 
aerosol  spectra,  and  meteorological  parameters 
were  measured  with  a  NOAA  UP-3D  research  aircraft 
over  the  Alaskan  Arctic  In  March  1983.  Multiple 
layers  of  haze,  varying  In  thickness  from  a  few 
10' s  to  100's  of  meters,  were  observed  throughout 
the  troposphere.  A  maximum  concentration  of 
aerosols  was  located  between  600  and  800  mb. 
Distribution  of  the  haze  layers  was  associated 
with  distinct  meteorological  boundaries.  The 
characteristics  of  the  haze  changed  In  response 
to  stages  In  the  progression  of  a  major  Arctic 
haze  episode.  On  March  17,  1983,  the  Arctic 
anticyclone  was  penetrated  and  Its  meteorological 
and  aerosol  properties  determined. 


Fig.  1.  Ozone,  osp  ,  condensation  nuclei, 

large-particle  concentrations  (0.370  to  0.493 
m  diameter)  and  temperature-dewpoint  profiles 
upwind  of  Barrow,  Alaska,  A)  Descending, 
2134  to  2226  UT.  B)  Lower  portion,  descend¬ 
ing  (dashed  line),  2204  to  2240  UT,  March  13; 
upper  portion,  ascending  (solid  line),  0232  to 

0258  UT,  March  14.  C)  Descending,  2224  to 

2318  UT,  March  15.  D)  Descending,  2234  to 

2325  UT,  March  17. 


COOPERATIVE  INSTITUTE  FOR  RESEARCH  IN  ENVIRONMENTAL  SCIENCES 

CAMPUS  BOX  449 

UNIVERSITY  OF  COLORADO  AT  BOULDER 
BOULDER.  COLORADO  0O3O9 

October  10,  1984 

UNIVERSITY  OF  COLORADO  NATIONAL  OCEANIC  AND 

TELEPHONE  (303)  402-8023  ATMOSPHERIC  ADMINISTRATION 


Dr.  Ernest  Bauer 
IDA 

1801  N.  Beauregard  Street 
Alexandria,  VA  22311 


Dear  Dr.  Bauer: 


Thank-you  for  your  letter  of  September  20,  1984  and  the  analyses 

therein. 


With  respect  to  the  ozone-soot  reaction,  Mr.  Sam  Oltnans  our 
resident  ozone  expert  suggests  that  your  point  (iii)  is  the  most  prob¬ 
able.  You  had  already  suggested  this  was  the  case. 

As  to  the  haze  lifting  mechanism,  there  is  evidence  from  airborne 
lidar  measurements  that  the  haze  layers  have  a  definite  slope  to  them, 
rising  as  one  moves  north.  Dr.  Pat  McCormick,  NASA  Langley,  FTS  928- 
2065,  has  excellent  data  showing  this  effect.  Given  a  bit  of  incentive 
(political  and/or  monetary)  NASA  could  fly  the  system  in  conjunction 
with  the  1986  AGASP  program. 

As  to  the  washout  of  haze,  we  flew  south  off  Spitzbergen  from  the 
ice  to  open  sea.  In  this  area,  the  haze  becomes  incorporated  in  the 
marine  boundary  layer  and  clouds  and  then  appear  to  be  removed.  We  have 
in-situ  data  on  this  process  but  have  not  studied  it  in  any  great  detail 
as  our  interests  were  otherwise  engaged.  I  cannot  give  a  good  answer  as 
to  the  overall  quality  or  amount  of  data  that  we  have  in  hand. 

If  the  interest  were  there,  I  could  pass  through  it  lightly  in  a 
few  weeks. 

We  could  of  course  do  a  more  thorough  job  in  AGASP-II  whenever 
there  was  flow  from  the  north  off  the  ice. 

I  have  enclosed  a  copy  of  Raatz’s  Ptarmigan  paper  along  with  2  oth¬ 
ers  on  haze.  The  "Airraass  Characteristics  ..."  is  a  new  version;  dis¬ 
card  the  one  sent  previous.  The  ozone  intrusion  paper  should  be  of 
interest  to  the  ozone-haze  removal  research  community. 

Sincerely, 


Russ  Schnell 
Director,  AGASP 
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APPENDIX  F 


MORE  INFORMATION  ON  THE  CANADIAN  FOREST  FIRES 
OF  SEPTEMBER  1950 

F.l  GENERAL  DESCRIPTION  OF  THE  FIRES 

Letter  dated  11  July  1984  from  Dean  Peter  J.  Murphy, 
University  of  Alberta,  to  C.  Bently  Lyon,  U.S.  Forest  Service 
(pages  F-4  through  F-7 ) . 
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FACULTY  OF  AGRICULTURE  AND  FORESTRY 
OFFICE  OF  THE  DEAN 
TELEPHONE  (401)  4EE-40S1 


THE  UNIVERSITY  OF  ALBERTA 
EDMONTON.  CANADA 
TEG  2F3 


Mr.  C.  Bentley  Lyon 

Staff  Fire  Control  Technologist 

Forest  Fire  and  Atmospheric 

Sciences  Research 

United  States  Department  of 

Agriculture,  Forest  Service 

12th  &  Independence  S.W. 

P.0.  Box  2417 
Washington,  D.C. 

20013 

Dear  Mr.  Lyon: 

Dennis  Dube  sent  over  a  copy  of  your  May  14  letter  to 
Peter  Paul  asking  about  the  September  1950  fires.  That  indeed  was 
a  time  of  major  blowup  and  I  have  been  trying  to  piece  together  the 
story  for  some  years  on  an  as -time-permits  basis. 

The  photo  enclosed  shows  the  perimeters  of  the  burns  as 
nearly  as  I  can  determine  them  using  data  from  fire  reports  in 
British  Columbia  and  satellite  imagery.  The  total  area  of  burn  is 
about  4  million  acres.  There  is  some  question  about  the  burn  in 
the  hatched  area  in  the  extreme  northeast.  Some  accounts  indicated 
that  the  fire  ran  around  the  community  of  Keg  River,  the  Town  having 
been  saved  by  backfiring,  and  that  it  ran  to  the  Peace  River.  I 
have  a  feeling  that  part  of  the  burn  occurred  a  few  years  later,  but 
have  not  had  a  chance  to  visit  on  site  to  look  for  fire  scars  or  to 
interview  a  number  of  the  people.  That  is  the  area  just  above  the  let¬ 
ter  A.  I  have  lettered  some  other  points  for  reference. 

The  major  fire  started  at  point  B  June  1,  1950.  The 
ranger  arrived  the  next  day,  found  it  was  burning  in/,  approximately 
250  acres  in  size  and  out  of  control.  The  feeling  was  that  area 
would  be  developed  for  agriculture  so  it  was  decided  not  to  take 
action.  It  burned  throughout  the  summer,  and  the  fire  report  from 
British  Columbia  showed  the  boundary  stopping  just  west  of  the 
Alberta  border.  The  fire  at  E  started  August  26,  1950.  An  Alberta 
fire  report  states  that  a  ranger  was  sent  out  on  horseback  north  of 
Eureka  River  to  check  to  see  if  those  fires  were  threatening  Alberta. 
From  about  point  C  he  reported  that  on  September  2  or  3  the  fires 
were  "well  inside"  British  Columbia.  It  is  probable  that  during  the 
blowup  days  of  September  22-24  fires  B  and  E  joined  together  to  burn 

...2 
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out  the  Chinchaga  River  Valley.  It  is  difficult  to  state,  but  the 
fires  may  have  averaged  30  miles  of  advance  per  day  during  those 
three  days,  and  on  a  pretty  wide  front. 

The  fire  at  D  started  July  29  but  made  its  major  run 
during  the  blowup  period  as  well.  That  one  reached  about  300,000  ac. 

I  have  learned  more  recently  that  there  were  other  fires 
burning  during  that  period.  There  were  several  small  ones  at  F 
which  were  being  fought  at  the  time  of  the  blowup  and  which  were 
held,  although  with  some  difficulty.  The  fire  at  G  was  about  46,000 
acres,  H  was  12,000  acres,  and  the  one  at  I  covered  about  90,000  acres. 
My  estimate  of  area  burned  did  not  include  the  last  ones  -  F  to  I. 

I  have  weather  data  from  several  of  the  federal  stations 
around  there  and  want  to  try  some  fire  growth  models  to  try  to  get  a 
better  estimate  of  possible  daily  travel  distances,  but  that  will 
have  to  wait  a  few  more  months. 

From  your  letter  I  gather  that  you  are  aware  of  the 
references  in  metero logical  journals  -  the  Marine  Observer,  July 
1951,  and  Weatherwise  December,  1950. 

The  area  in  which  those  fires  burned  was  typical  of  the 
northern  Boreal  forest  with  a  variety  of  age-classes.  However,  the 
Chinchaga  River  Valley  itself  was  renowned  for  its  great  timber-quality 
spruce.  The  fire  evidently  burned  with  a  high  intensity,  and  vegetative 
recovery  on  much  of  the  area  burned  during  the  blowup  period  has  been 
slow  to  regenerate,  and  even  to  revegetate  in  some  places. 

Our  Forest  Inventory  program  in  Alberta  began  in  1949. 
Vertical  area  photographs  were  taken  over  the  Chinchaga  Valley  during 
the  early  summer  of  1950.  Unfortunately,  I  have  not  been  able  to  obtain 
funding  to  get  someone  to  work  on  a  comparison  of  forest  cover  types  in 
there  so  cannot  give  you  any  estimates  of  biomass  consumed. 

My  intention  is  to  write  this  up  for  publication  after 
I  have  attempted  the  modeling  based  on  the  weather  data  and  the  fire 
weather  index  components  which  may  be  derived  from  it.  I  wish  I  had 
it  available  to  send  you  now. 


. . .  /3 
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turn  out. 


I  will  be  interested  to  learn  how  your  compilations 


Sincerely , 


Peter  J.  Murphy 
Associate  Dean  -  Forestry 


PJMrdb 

c.c.  D.  Dube 
P.  Paul 


F.2  HOW  DO  THE  NUMBERS  FIT  TOGETHER? 


The  basic  data  on  transport  are  taken  from  p.  5-7  (from 
Smith,  1950)  which  is  replotted  as  Fig  F.2  with  inferred  center 
of  mass  points  shown  as  0  at  designated  times.  Dispersion 
distances  are  estimated  from  an  assumed  starting  point  at 
1300/22. 

Longitudinal  and  transverse  dispersion  distances  are  plot¬ 
ted  in  Fig.  F.3.  Generally,  a  (long)  >  a  (trans),  as  one  would 
expect,  since  longitudinal  dispersion  is  due  to  large-scale 
convection.  Overall,  one  sees  that  a  (trans)  exceeds  the  upper 
bound  IV  of  Fig.  F.3  by  a  factor  of  less  than  2. 

Penndorf  (1953)  interprets  the  blue  sun/blue  moon  data  in 
terms  of  particles  of  mean  radius  a  =  0.6  ym  (0.5  to  0.8),  of 
number  density  n  ~  150/cm2  (128-175),  and  of  column  density  ~ 

5.3  x  107  part . /cm2-column  (4.7  -  6.5),  corresponding  to  a  ver¬ 
tical  layer  thickness  Ah  =  3.5  km. 

Note  that  this  corresponds  to  an  optical  thickness 

^  —  n  ^©xt  "  1.1  , 

where  aext  =  2Tra2;  this  seems  large.  My  estimate  would 
have  been  £  ~  0.1. 

From  Figs.  F.2  and  F.3  the  horizontal  cloud  extent  at 
1000/24  is  2600  km.  Thus,  the  cloud  volume  is  2  x  1022  cm3 f 
mass  per  particle  of  9  x  10~13  g  and  the  total  mass  of  smoke/ 
soot  is  3  x  10^  tonnes. 

From  Section  F.l  above,  the  general  area  of  forest  fires 
is  4  x  10^  acres  =  1.6  x  10^  ha.  With  a  fuel  loading  of  20  kg/m2 
and  10  percent  of  the  fuel  burned,  this  gives  a  fire  loading 
for  black  spruce  of  2  kg/m2  (C.  Chandler,  private  communica¬ 
tion).  If  the  soot  is  1  to  3  percent  of  the  total  mass  of  fuel 
burned,  this  gives  a  soot  mass  of  0.3  to  1  x  10^  tonnes,  which 
is  in  very  adequate  agreement  with  the  previous  estimate. 
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Source:  Smith,  1951 

FIGURE  F.2.  Trajectories  of  Air  Parcels  Calculated  on 
Isentropic  Charts  of  8  =  312°  A. 
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HALF  WIDTH. 


Source:  Bauer,  1983 


FIGURE  F.3.  Horizontal  dispersion  as  a  function  of  Travel 
Time.  The  mean  curves  and  bounds  apply  to 
atmospheric  altitudes  up  to  20  to  25  km. 
Earlier  estimates  of  Hage  (1964)  and  Hage  et 
al.  (1966)  indicated  slower  spreading  than  do 
the  more  recent  data.  Thus,  at  present,  the 
mean  curve  III  with  bounds  I  and  IV  is  recom¬ 
mended  as  against  the  Hage's  mean  curve  II  and 
bounds  I  and  III.  The  points  aiong  and  otrans 
come  from  Fig.  F.2. 
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APPENDIX  G 


METEOROLOGICAL  SCALES  OF  ENERGY 


1.  This  material  is  presented  for  general  orientation,  to  show 
how  large  the  meteorological  scales  of  mass  and  energy  are, 
even  as  compared  to  a  very  large  nuclear  engagement  with 

Enucl  =  10,000  Mt  =  4.2  x  1019  joule  (G.l) 

All  the  numbers  given  here  are  representative  rather  than 
definitive.  They  refer  to  typical  changes  in  a  "meteorological 
air  mass"  as  it  changes  from  a  cold  to  a  warm  air  mass. 

2.  The  linear  dimension  of  a  canonical  air  mass  is  taken  as 
d  =  1000  km;  its  mass  M0  may  be  determined  as  follows:  The 
atmospheric  mass  per  unit  area  at  sea  level  is  m  =  PQ/g  where 
PQ  =  1  atmosphere  =  1.013  x  10^  N/m2  and  g  (acceleration  due  to 
gravity)  =  9.81  m/sec2  so  that  m  =  1.03  x  104  kg/m2.  The  air 
mass  is  taken  as  containing  80  percent  of  this  total,  roughly 
equivalent  to  the  tropospheric  mass,  so  that 

MQ  =  m  d2  x  0.8  =  8.2  x  lol2  tonnes  (G.2) 

(Since  the  surface  area  of  the  earth  is  5.1  x  10I4  m2,  an  air 
mass  corresponds  to  5  percent  of  the  total  mass  of  the  tropo¬ 
sphere  .  ) 

3.  A  "warm"  air  mass  is  taken  as  10°C  warmer  than  a  "cold” 
air  mass,  and  it  may  contain  an  additional  2  g  H20/kg  air  (at 


1  atmosphere  pressure  and  10°C,  the  saturation  mixing  ratio  for 
moisture  is  7.5  g  H20/kg  air — or  3.8  g  H20/kg  air  at  0 °C).  To 
raise  the  temperature  of  air  by  10°C  at  constant  pressure  takes 
an  energy  Cp  AT  per  unit  mass,  and 

cp  =  ( 7/2) ( R/M)  =  103  joule/kg  °C  (G.3) 

since  R  =  8.3  joule/g-mole  °C  and  M  =  29  g.  Thus,  for  a  mass 
M0  the  thermal  energy  due  to  just  heating  the  dry  air  at  con¬ 
stant  pressure  is 


Eth  =  Mo  cp  AT  ~  8*2  x  lo19  3oule  ( G.  4 ) 

4.  To  condense  1  g  water  vapor  into  liquid  at  280°K  yields  590 
cal  =  2450  joule*  (into  ice  at  250°K,  690  cal  =  2860  joule)  so 
that  condensing  2  g  H2<Vkg  in  a  mass  M0  of  Eq.  (G.l)  releases 
an  energy 

Econd  ~  2  x  2450  x  103  x  mo  =  4-5  x  1019  j°ule  (G‘5) 


5.  The  latent  (or  other)  heat  released  is  transformed  locally 
into  kinetic  energy  of  translation  or  rotation;  the  energies 
here  are  somewhat  smaller.  A  velocity  of  10  m/sec  (20  knot) 
corresponds  to  a  kinetic  energy  of  50  joule/kg  or 


*Because  Cp  (ice) 


=0.5  cal/g  °C 
Cp  (water)  =  1.0  cal/g  °C 
Cp  (vapor)  =  0.45  cal/g  °C 
we  have  the  following  cycle: 

H20  (Liquid;  280°K)- 
+93  cal/g 

H20  (Liquid;  373°K) 

J,  +540  cal/g 
H20  (Vapor;  373°K)- 


+591  cal/g 

H20  (Vapor;  280°K) 


-42  cal/g 


about  1  percent  of  E^h/  Epy,  or  Econd* 

6.  Finally,  the  solar  constant  SQ  =  1400  W/m2 ,  so  that  an 
8-hour  equivalent  irradiation  of  an  area  d^  =  10^  km^  provides 
an  insolation 

Egun/day  ~  SQ  x  (8  hours)  x  d2  =  4.0  x  lO1^  joule  (G.7) 

Of  course,  only  a  fraction  of  this  is  absorbed  by  the  air  mass. 

7.  These  numbers  are  presented  for  general  orientation,  to 
indicate  how  large  both  the  mass  and  energy  content  of  a  meteor 
ological  air  mass  are,  even  compared  with  a  major  nuclear 
engagement.  For  the  modeled  burning  of  the  city  of  Detroit 
shown  in  the  figure  on  p.  3-5,  one  infers  that  a  total  mass  of 
5.6  x  106  tonnes  of  fuel  burned,  or  (assuming  the  heating  value 
listed  on  p.  1-3  of  1.86  x  107  joule/kg  =  8000  BTU/lb)  a  heat 
of  combustion  of  lO^7  joule  =  24  Mt  equivalent.  Explicitly,  it 
is  thus  moderately  difficult  for  a  nuclear  engagement  to  change 
the  state  of  the  atmosphere  in  a  gross  way,  although  this  by  no 
means  eliminates  the  possibility  of  a  higher-order  perturbation 
such  as  Nuclear  Winter. 
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ON  THE  1982-1983  BORNEO  (EAST  KALIMANTAN)  FIRES* 


General  Description  (Provided  by  Scott  A.  Jackson, 
Georgia  Pacific  Corporation,  Atlanta,  Georgia) 

Satellite  Imagery  from  a  Polar  Orbiting  Weather 
Satellite 


*The  drought  which  led  to  the  1982  Borneo  fires  is  related 
to  the  1982  El  Nino  event,  which  was  a  major  and  unusual 
environmental  excursion  of  the  "Southern  Oscillation." 

For  an  overview,  see  Rasmusson  and  Hall  (1983). 


GEORGIA-PACIFIC '6  INVOLVEMENT  IN  EAST  KALIMANTAN 


Georgia-Facif  ic ,  in  a  joint  venture  with  some  Indonesian  companies, 
managed  three  timber  concessions  and  operated  two  plywood  mills  in  East 
Kalimantan,  Indonesia  until  February  of  this  year.  All  interests  in  the 
Indonesian  Operations  have  been  sold  to  the  joint  venture  partners. 

The  three  timber  concessions  were  never  owned  by  Georgi a-Faci f i c  or  the 
joint  venture  partners.  The  Government  of  Indonesia  maintained 
ownership  of  the  land  and  timber.  Rights  to  harvest  timber  were  granted 
under  the  concession  agreement  to  the  joint  venture.  Terms  o-f  the 
concession  agreement  included  restrictions  on  timber  harvesting  methods, 
road  construction  methods  and  requirements  -for  re-f  orestati  on  o-f 
harvested  areas. 

TIMBER  HARVESTING  PRACTICES  IN  EAST  KALIMANTAN 

The  tropical  rain  -forest  o-f  East  Kalimantan  contains  more  than  300 
di-f-ferent  tree  species.  Only  eight  to  ten  o-f  these  species  are  of 
commercial  value.  Two  species,  Meranti  and  Kapur,  make  up  90V.  or  more 
o-f  the  total  harvested  volume.  Appro:: i matel y  50  cubic  meters  o-f  wood  is 
removed  per  hectare.  This  represents  about  eight  trees  per  hectare  out 
of  a  total  of  80  to  100.  Total  volume  per  hectare  is  in  the  range  of 
200  to  400  cubic  meters.  Trees  of  no  commercial  value  remain  standing. 

AREA  INVOLVED 

Almost  all  of  East  Kalimantan  was  affected  by  prolonged  drought  and 
fire.  The  Indonesian  Directorate-General  of  Forestry  (the  government 
agency  which  administers  all  forest  land  in  Indonesia)  can  provide 
specific  information  on  the  area  in  question. 

TIME  AND  DURATION  OF  THE  FIRE 

It  is  normal  practice  under  slash  and  burn  agriculture  to  burn  during 
the  dry  season,  July  through  September  of  each  year.  The  dry  season 
started  out  in  June  of  1982  with  the  usual  amount  of  burning.  Burning 
continued  until  January  of  1983  when  there  was  a  brief  two  week  period 
of  rain.  Burning  resumed  until  May  of  1983  when  heavy  rains  doused  the 
fire.  The  period  of  January  1983  to  May  1983  was  the  worst  period. 
During  these  months  there  was  virtually  no  rain. 

CHAR  ACT  1 6T I CS  OF  THE  FIRE 

Tropical  forest  adjusts  for  times  of  drought  by  shedding  excess  foliage. 
The  normal  constraint  on  tropical  forest  growth  is  the  fight  for 
available  sunlight  and  not  moisture  or  nutrients.  Therefore,  during 
this  period  of  drought  the  amount  of  leaves  on  the  forest  floor  was  much 
heaver  than  normal.  The  layer  of  leaves  usually  rots  very  quickly  but 
lack  of  moisture  prevented  this  process  from  occuring.  The  fire  burned 
the  layer  of  leaves  and  other  small  vegetation.  Fire  did  not  reach  the 
crowns  of  the  trees.  Most  areas  burned  more  than  once.  The  first  burn 
consumed  the  original  leaf  layer  on  the  forest  floor.  The  trees  shed 
more  foliage  as  the  drought  continued  and  built  up  another  layer  of 
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leaves.  This  second  layer  would  burn  again.  The  -fire  can  be 
characterized  as  slow  and  "everywhere  at  once."  Smoke  -from  the  -fire  was 
quite  heavy  to  the  point  where  maximum  visibility  was  less  than  500  feet 
for  periods  of  weeks.  The  layer  of  smoke  did  not  extend  much  beyond 
8,000  feet  in  elevation. 

TIMBER  LOSS 

In  some  areas  the  tree  mortality  was  as  much  as  70'/..  Although  many 
trees  were  killed  by  the  fire,  the  majority  of  trees  were  killed  by  laci 
of  moisture  due  to  the  drought. 

HISTORICAL  PERSPECTIVE 

It  is  very  rare  to  see  virgin  tropical  rain  forest  burning.  The  last 
time  there  was  a  drought  of  this  magnitude  was  about  60  years  ago,  as 
recalled  by  some  of  the  older  natives  in  the  area.  There  was  also  a 
drought  in  East  Kalimantan  in  1974  which  was  not  as  severe. 
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